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Abstract
We investigate the sensitivity of the heavy ion mode of the LHC to anomalous
Higgs boson couplings to photons, Hγγ, through the analysis of the processes
γγ ! bb¯ and γγ ! γγ in peripheral heavy ion collisions. We suggest cuts
to improve the signal over background ratio and determine the capability of
LHC to impose bounds on anomalous couplings by searching for a Higgs boson
signal in this reaction. We also examined Higgs production via pomeron-






The Higgs boson is the only particle in the Standard Model (SM) that has not yet been
conrmed experimentally. It is responsible for the mass generation of fermions and gauge
bosons. The search for the Higgs boson is the main priority in high energy experiments and
hints of its existence may have been already seen at LEP [1] at around mH  115 GeV.
However, once found the detailed study of its couplings could give information on the mass
generation mechanism and on physics beyond the Standard Model.
An intermediate-mass Higgs boson could also be produced in peripheral heavy ion col-
lisions through photon-photon and pomeron-pomeron interactions [2,3]. This possibility, in
the context of the SM, has been explored in detail in the literature [4{6], with the general
conclusion that the chances of nding the standard model Higgs in the photon-photon case
are marginal and negligible in the pomeron-pomeron case.
However, the Standard Model is only an eective low energy theory of a more complete
model and one expects deviations from its predictions. A convenient way to parameterize
deviations of the Standard Model predictions is the eective theory approach [7]. In this
scenario, we assume that the existence of new physics, associated to a high{energy scale
, can manifest itself at low energies via the process of integrating-out heavy degrees of
freedom. These eects are then described by eective operators involving the spectrum of
particles belonging to the low{energy theory. At this point we have two possibilities: either
the Higgs boson is light and it should be included in the eective operators or the Higgs
boson is heavy and should also be integrated out. In this work we will adopt the former
possibility, where the gauge group SU(2)L ⊗ U(1)Y is linearly realized. In this case, the
eective lagrangian will generate anomalous Higgs couplings.
In this Letter we explore the capabilities of peripheral heavy ion collisions in constraining
anomalous Higgs couplings, which could in principle arise from new physics beyond the SM.
We analyse the processes γγ ! bb; γγ and pomeron-pomeron! bb; γγ. After simulating the
signal and background, we nd optimal cuts to maximize their ratio. We show how to use
energy and invariant mass spectra of the nal state bb or photon pair in order to identify the
presence of a Higgs boson and extract information about its couplings. Finally, we compare
the bounds on the anomalous couplings that will be possible to extract from our analyses
to bounds coming from other processes in dierent machines.
II. ANOMALOUS HIGGS COUPLINGS AND EFFECTIVE LAGRANGIANS
In the linear representation of the SU(2)L ⊗ U(1)Y symmetry breaking mechanism, the
SM model is the lowest order approximation while the rst corrections, which are of dimen-







where the operators On involve vector{boson and/or Higgs{boson elds with couplings fn
[8]. This eective Lagrangian describes the phenomenology of models that are somehow close
to the SM since a light Higgs scalar doublet is still present at low energies. Of the eleven
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possible operators On that are P and C even, only three of them modify the Higgs{boson
couplings to photons [9,10],
OBW = yB^W^  ;
OWW = yW^W^  ; (2)
OBB = yB^B^ ;
where  is the Higgs doublet, B^ = i(g
0=2)B , and W^ = i(g=2)aW a , with B and
W a being respectively the U(1)Y and SU(2)L eld strength tensors. In the unitary gauge,
the anomalous Hγγ coupling is given by
LHVVeff = gHγγ HAA ; (3)






s2(fBB + fWW − fBW )
2
; (4)
with g being the electroweak coupling constant and s  sin W .
The operator OBW contributes at tree level to the vector{boson two{point functions,
and consequently is severely constrained by low{energy data [11,9]. The present 95% CL
limits on these operators for 90 GeV  mH  800 GeV and mtop = 175 GeV read [12],
−1:0  fBW
2
 8:6 TeV−2 : (5)
The remaining operators can be indirectly constrained via their one{loop contributions to
low{energy observables, which are suppressed by factors 1=(162). Using the \naturalness"
assumption that large cancellations do not occur among their contributions, we can consider
only the eect of one operator at a time. In this case, the following constraints at 95% CL
(in units of TeV−2) arise [12]
−24  fWW
2
 14 ; −79  fBB
2
 47 : (6)
These limits depend in a complex way on the Higgs mass. The values quoted above for the
sake of illustration were obtained for MH = 200 GeV.
There are also limits coming from direct Higgs searches at LEP II [13], Tevatron [14]
colliders. The combined analysis [15] of these signatures yields the following 95% CL bounds
on the anomalous Higgs interactions (in TeV−2):
−7:5  fWW (BB)
2
 18
for mH  150 GeV. These limits can be improved by a factor 2{3 in the upgraded Tevatron
runs. The 95% CL bounds on the anomalous Higgs interactions (in TeV−2) coming from
direct Higgs searches via gluon gluon fusion at LHC [16] collider are
−0:35  fWW + fBB − fBW
2
 0:46 and 2:8  fWW + fBB − fBW
2
 3:6 : (7)
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for mH  150 GeV.
The anomalous Higgs interaction fBW can also be constrained by their eect on the
triple gauge{boson vertices, but this is not the case for fWW nor fBB. Assuming that large
cancellations do not occur among the contributions of the operators fBB , fWW , and fBW ,
we evaluate our limits considering the eect of only one operator at a time. We also present
the case where all fBB, fWW , and fBW have a common value, which we call fall.
III. SIMULATIONS
In order to perform the Monte Carlo analysis, we have employed the package MadGraph
[17] coupled to HELAS [18]. Special subroutines were constructed for the anomalous con-
tribution which enable us to take into account all interference eects between the QED and
the anomalous amplitudes. The phase space integration was performed by VEGAS [19].
The photon distribution in the nucleus can be described using the equivalent-photon or
Weizsa¨cker-Williams approximation in the impact parameter space. Denoting the photon
distribution function in a nucleus by F (x), which represents the number of photons carrying
a fraction between x and x + dx of the total momentum of a nucleus of charge Ze, we can








F (x)F (=x); (8)
where  = s^=s, s^ is the square of the center of mass (c.m.s.) system energy of the two
photons and s of the ion-ion system. The total cross section AA ! AAγγ ! AAX, where







where ^(s^) is the cross-section of the subprocess γγ ! X.
We choose to use the conservative and more realistic photon distribution of Cahn and
Jackson [5], including a prescription proposed by Baur [3] for realistic peripheral collisions,
where we must enforce that the minimum impact parameter (bmin) should be larger than












where z = 2MR
p






which is a t resulting from the numerical integration of the photon distribution, accurate to
2% or better for 0:05 < z < 5:0, and where A1 = 1:909, A2 = 12:35, A3 = 46:28, b1 = 2:566,


















In the case where the intermediary particles exchanged in the nucleus-nucleus collisions
are pomerons instead of photons, we can follow closely the work of Mu¨ller and Schramm [6]
and make a generalization of the equivalent photon approximation method to this new




dx1dx2fP (x1)fP (x2)PP (sPP ); (13)
where fP (x) is the distribution function that describe the probability for nding a pomeron
in the nucleus with energy fraction x and PP (sPP ) is the subprocess cross section with
energy squared sPP . For fP (x) we use the pomeron distribution determined by Donnachie
















where 0 = 1:8 GeV
−1 is the pomeron-quark coupling, A is the atomic number of the
colliding nucleus, and Q0 = 60 MeV arising from the nuclear form factor (see, e.g., Drees et
al. in [4]). M is the nucleus mass, m is the nucleon mass, " = 0:085 and s0 = x2M2.
We computed the cross section of the subprocess PP ! H using the pomeron model
of Donnachie and Landsho [21]. In this model it is assumed that the pomeron couples to
the quarks as an isoscalar photon [21]. This means that the cross section PP ! H can be
obtained from suitable modications on the cross-section for γγ ! H . Another aspect to be
considered is that the pomeron-quark-quark vertex (assuming that even in the anomalous
case the photon couple to quark loops) is not point-like, and when either or both of the
two quark legs in this vertex goes far o shell the coupling is known to decrease. So the









where 20 = 1:2 GeV
2 is a mass scale characteristic of the pomeron, and in the case of Higgs
boson production q = mH=2 measures how far one of the quark legs is o mass shell. We
assumed that the cross section for the anomalous Higgs production is obtained dividing
the anomalous γγH coupling by the ne-structure constant  and multiplying by 9~=162,
where ~ is giving by Eq.(15) and 9 = 32 is a color factor [6]. For mH = 115 GeV one obtains
~0  6:510−4 GeV −1 and 9~=162 = 3:710−5. This is the main reason for the negligible
signal that we will obtain for the diractive Higgs boson production in the next section.
We consider Ca-Ca collisions since they are the most promissing ones to put limits on
the anomalous couplings because of the larger luminosity of the Ca beams, and also because
pomeron-pomeron processes are more eective for lighter ions [22]. The energy for 4020Ca




In our analyses we computed the SM and anomalous cross sections for the Higgs pro-
duction via photon-photon and pomeron-pomeron fusion in peripheral heavy ion collisions
at LHC using similar cuts and eciencies as the ones ATLAS Collaboration [24] applied in
their studies of Higgs boson searches.
We begin our analyses imposing the following acceptance cuts
p
γ(b)
T > 25 GeV ; jγ(b)j < 2:5 ; Rγγ(bb¯) > 0:7 ; (16)
and taking into account an eciency for reconstruction and identication of one photon or
one bottom of 80%.
In order to improve our limits on the anomalous couplings, we have studied several
kinematical distributions of the nal state particles. The most promissing one is the invariant
mass of the nal particles, since the anomalous interactions occur mainly for the Higgs boson
produced on-shell.
For instance, the number of SM events for the process γγ ! bb with mH = 115 GeV
falls from 2565 to 158 when the cut jmbb¯ − mH j < 5 GeV is applied. The number of
pure anomalous events γγ ! H ! bb with fall = 10 TeV−2 is 1642 and is unaected by the
invariant mass cut. The signicance of a anomalous signal, given by S = Nsignal=
p
NSM , is
enhanced by a factor of 4 when the invariant mass cut is used.
Therefore, for the photon-photon initial state, we collected the nal state γγ and/or bb
events whose invariant masses fall in bins of size of 5 GeV around the Higgs mass
mH − 5 GeV < mγγ(bb¯) < mH + 5 GeV (17)
in order to evaluate our results.
Considering the set of cuts (16) and (17), the luminosity and eciencies discussed above,
and a Higgs mass of 115 GeV, the number of Standard Model events for the process γγ ! γγ
is 2.4 10−2 while for the process γγ ! bb is 158. Since we expect nearly zero events for
the process γγ ! γγ, a 95% CL limit for the anomalous couplings is obtained when its
contribution generates 3 events. For the process γγ ! bb, a 95% CL signal is obtained when
the number of SM events (158) is changed by a value of 2
√
NSM(= 158)  25.
In Table I we present the 95 % CL limits for fBB, fBW , fWW , where each individual
contribution is studied setting the others to zero, and for fall = fBB = fBW = fWW for
mH = 115 GeV. We notice that the limits for the individual contributions as well as for fall
are very similar, which indicates that large cancellations do not occur among the anomalous
contributions of fBB, fBW , and fWW .
In Table II we present the limits for fall considering a Higgs mass in the range (120{180)
GeV. The limits are more stringent in the γγ ! bb case, where the number of events is
larger. The limits get worse for mH > 160 GeV because the total Higgs width increases due
to the opening of W+W− decay channel.
The pure anomalous contribution to the process γγ ! bb is quadratic in the anomalous
coupling because there is only one anomalous vertex in this case. Since the interference
between the SM and anomalous contributions shifts the minimum of the parabola, there are
two allowed regions for the couplings in the γγ ! bb case , as exemplied in Fig. 1, where
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the number of bb events in the LHC heavy ion mode as a function of the anomalous coupling
fall is shown together with the SM 95% CL region for mH = 115 GeV.
For the pomeron-pomeron initial state, considering the same set of cuts, luminosity and
eciencies used for the γγ initial state, the number of Standard Model and signal events
for both γγ and bb productions are several orders of magnitude smaller than photon-photon
initial state. For example, even for fall = 100 TeV
−2 and mH = 115 GeV, the number
of anomalous events is much smaller than one, being  1  10−3 and  3  10−4 for the
processes PP ! γγ and PP ! bb respectively. Therefore no limits are obtained for the
anomalous couplings through the pomeron-pomeron initial state processes analysis.
V. CONCLUSIONS
In this work we have studied the sensitivity of the heavy ion mode of the LHC to
anomalous Higgs boson couplings to photons, Hγγ, through the analysis of the processes
γγ ! bb; γγ and PP ! bb; γγ in peripheral heavy ion collisions.





and is comparable to limits coming from the proton-proton mode of the LHC.
We nd that the signal from pomeron-pomeron initial state processes turns out to be
several orders of magnitude smaller than photon-photon initial state processes, and therefore
no limits are obtained for this case.
In conclusion, the limits for anomalous Higgs couplings that can be obtained in peripheral
heavy ion collisions at the LHC via electromagnetic processes are one order of magnitude
tighter than the limits that can be obtained in the upgraded Tevatron and comparable to
limits coming from the proton-proton mode of the LHC.
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TABLES
Anomalous Coupling γγ ! H ! γγ γγ ! H ! bb¯
fBB(TeV−2) (−3.07 , 5.69) (−0.35 , 0.49) and (2.10 , 2.95)
−fBW (TeV−2) (−3.07 , 5.69) (−0.35 , 0.49) and (2.10 , 2.95)
fWW (TeV−2) (−3.08 , 5.70) (−0.35 , 0.49) and (2.12 , 2.97)
fall(TeV−2) (−3.07 , 5.69) (−0.35 , 0.49) and (2.11 , 2.96)
TABLE I. 95 % CL allowed regions for fBB, fBW , fWW , and fall for mH = 115 GeV.
Higgs Mass(GeV) γγ ! H ! γγ γγ ! H ! bb¯
120 (−3.06 , 5.74) (−0.35 , 0.49) and (2.17 , 3.01)
130 (−3.04 , 5.86) (−0.36 , 0.49) and (2.31 , 3.15)
140 (−3.00 , 6.03) (−0.36 , 0.48) and (2.50 , 3.35)
150 (−2.92 , 6.29) (−0.37 , 0.47) and (2.82 , 3.67)
160 (−2.59 , 6.89) (−0.36 , 0.44) and (3.70 , 4.54)
170 (−9.55 , 13.5) (−4.57 , 10.6)
180 (−11.1 , 14.8) (−5.97 , 12.6)
TABLE II. 95 % CL allowed regions for fall in TeV−2 for different Higgs boson masses.
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FIGURES
FIG. 1. Number of bb¯ events in the LHC heavy ion mode as a function of the anomalous
coupling fall for mH = 115 GeV. The solid horizontal line is the number of events in the SM and
the two dashed horizontal lines give the 95% CL region. The solid part of the parabola represents
the allowed region.
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